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(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
the second tubular member; a pressurized region 
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niember Is positioned In opposing relation to the 
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The first tubular member may be a weltbore casing 
and the second tubular nriennber may be suspended 
in situ to repair the defect in the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Refenetnce To Related Applicationis 
The present appiicatipn claims the benefit (rf the filing date of U.S. provisional 
patent application serial no. 60/183.546. attorney docket no. 25791.10. filed on 
S 2/18/2000. the disclosure of which is iniporporatad herein by reference:. 

This application is a continuation-in-part of U.S. Serial No. 09/559.122. attomey 
docket mavtw 25791.23.02, filed on 4^6/2000. wMch claimed the t)enefit of the filing 
date of U.S. provisional patent applicatkm serial number 60/131,106. filed on 
4/26/1999. which was a continuatioh-in-part of U.S. patent applicatton serial number 
10 09/523.460, attomey docket number 25791 . 1 1 .02. filed on 3/1 0/ 2000. which claimed 
the benefit of the filing date of U.S. provisional patent applicatbn serial no. 60/124.042. 
filed on 3/11/1999. which was a continuatk>n-in-part of U.S. patent appHcatton serial 
number 09/510,913. attomey docket number 25791.7.02. which claimed the benefit of 
the filing date of U.S. provisional patent application serial number 60/121,702, filed on 
15 2/25/1999, which Was a continuatk)n-in-part of U.S. patent application serial number 
09/502.350. attomey docket number 25791.8.02. filed on 2/1 0/2000. vihidh claimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119,611, attomey docket number 25791.8, filed on 2/11/1999, which was a 
continuafion-in-part of U.S. patent application serial number 09/454,139, attomey 
20 docket number 25791.3.02, filed on 12/3/1999. which claimed the benefit of the filing 
date of U.S. provnskMial patent application serial number 60/111.293, filed on 
12/7/1998. 

The present application is related to the fblkiwing U.S. patent appJications:'(1) 
utility patent applteation number , attomey docket number 25791.9.02. 

25 filed on 11-16-1999. which daumed the benefit of the fifing date of provisional patent 
applkatipn number 60/108.558. attomey docket number 25791.9,. filed on 11-16^1998; 
(2) utility patent application number attohfwy docket number 25791.3.02, 

filed on 12-3-1999. which daimed the benefit of the filing date tif provisk)nal patent 
application number 60/1 1 1 .293. attomey docket number 25791 .3. filed on 12-7-1 998; 

30 (3) utility patent applicafion number _. attomey docket number 

25791.8.02. filed on 2-10:2000. whteh daimed the benefit of the filing date of 
provistonal patent application number 60/119,611, attomey docket nunriier 25791.8. 
fited on 2-11-1999; (4) provistonai patent explication numbeir 60/121.702. attomey' 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent application number 

35 60/121,841. attomey docket number 25791.12. fited on 2-26-1999; (6) proviskNial 
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patent application purrber 60/121,907. attorney dodcet number 25791.16. filed on 2- 
26-1 999; (7) provisional patent application number 60/124.042. attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent application number 60/131,106. 
attorney docket number 25791 .23. filed on 4-26-1999; (9) provistonal patent appHcatton 
5 number 6W137.998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provistonal patent appltoatton number 60/143,0^, attorney docket number 25791.26. 
filed on 7-8-1999; (11) provistonal patent appltoatton number 60/146.203. attorney 
docket number 25791.25. fitod on 7-29-1999; (12) provisional patent appltoation 

number attorney docket number 25791.29, fitod on 9-16-1999; (13) 

10 provistonal patent application number ' ' ■ ^ attorn^ dock^ numt)er 

25791.34. fitod on 1&-12-1999; (14) pro\flsional patent application number 
attorney docket number 25791.36. fited on 10-12-1999; (13) provistonal patent 
application number 60/159,033, attorney docket number 25791.37. fitod on 10-12- 

1999; (15) provistonal patent application number . attorney docket 

15 number 25791 .27. filed on 11-01-1999. 

Appiicante incwporate by reference ttie disclosure of ttiese appltoations. 

Background of the Invention 
This inventton retotes generally to welibore casings, and in particutor to weiibore 
casings ttiatarefonned using expandable tubing. . 
20 Conventionally, when a welibore is created, a number of casings are instelled in 

the borehoto to prevent coHapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or Inflow of fluid from the fonnation into the borehole. 
The boiBhoto is drilled in intervals whereby a casing which is to be instetl^ in a lower 
borehole interval is towered through a prevtously instelled casing of an upper borehoto 
25 intefval. As a consequence of this procedure th^ casing of ttie lower interval is of 
smaller dtometer than ttie casing of ttie upper interval. Thus, the casings are in a 
nested anangement witti easing diameters decreasing in downward directton. Cement 
annuli are provtoed between ttie outer surfejoes of ttie casings and ttie borehoto wall to 
seal ttie castogs from ttie borehoto wall. As a consequence dfttiis nested anBngement 
30 a relatively torge borehoto dtometer is required at ttie upper part of ttie welibore. Such 
a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 
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diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Conventionally, at the surfece end of the wellbore, a wellhead is fornied that 
typically includes a surface casing, a numt)er of production and/or drilling spools, 
5 vaMng. and a Christmas tree. Typically the wellhead further includes a concentric 
arrangertient of casings Including a production casing and one or more intennediate 
casings. The casings are typically supported using load t>earing slips positioned at>ove 
the ground. The oonventimal design and constmction of wellheads is expensive and 
complex. 

10 Conventionally, a wetlbore casing cannot be formed during the drilHng of a 

wellbore. Typically, the wellt>ore is drilled and then a wellbore casing is fbnnied in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or wofe of the limitations of 
the existing procedures for forming wellbores and weltheads> 

15 Summary . 

According to another embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular relgion within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular npiember, a 
second tubular member positioned within the first tubular member, a third tubular 
member movabiy coupled to and positioned within the second tubular member, a first 
annular sealing member for seaHng an interface between the first and: second tubular 

25 members, a second annular sealing member for sealing an interfece between the 
second and third tubular members, and a mandrel positioned within the first tubular 
nriember and coupled fa) an end of the third tubular member. 

According to another enrtfxxiiment of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular niember. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting structure. The tubular member is coupled to the preeixisting structure by 
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the process of: positioning the tubular nnemt)er in an overlapping relationship to the 
preextefing structure, placing a nrtandrel within the tubular member, pressurizing an 
annular region within the tubular member above themandrel, and displacing the 
mandrel with respect to the tubular m^ber. 
5 According to another embodiment cf the present invention, a method of 

expanding a tubular nr^ember is provided that Includes preforming the tubular member 
to include d first portion, a second portion, and a third portion, placing a mandrel within 
the s^nd portion of the tubular member, pressurizing a region within the tubular 
memben and displacing the mandrel with respect to the tubular member. The inside 
10 diameter of the second portion of the bjbular nriember is greater than the iriside 
diameters of the first and third portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radially expanding a tubular member Is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 
15 coupled to the second tubular nrmmb^r, arid a mandrel positioned, within tile second 
tubular member and coupled to an end portion of the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular mismbers. 

According to another embodiment of the present invention, an apparatus is 
20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the- tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The Inside diameter of flie second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 
25 tubular member. 

Acocmiing to another embodiment of the present Invention, an apparatus Is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
the process of: preforming the tubular member to include first, second, and third 
.30 portions, positioning flie tubular nriember in an overlapping relationship to tiie 
preexisting structure; placing a mandrel within the second portion of the tubular 
memben pressurizing an interior region within the tubular member; and displacing the 
mandrel wiUi respect to the tubular member. The inside diameter of ttie second portion 
of the tubular member is greater tiian ttie Inside diameters of the first and tiiird portions 
35 of tiie tubular member. 
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The present embodimehts of the invention provide methods and apparatus for 
forming and/or repairing wellbore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
wellbore casings, pipelines, and structural supports is improved. 
5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. lb is another fragmentary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-secUonal illustration of the apparatus of 

FIG. la. ^ 

FIG. 2a is a fragmentary cross*section illustration of an embodiment of an 
apparatus and method for expanding tubular memt)ers. 

FIG. 2b is another fragmentary crpss-sectional illustration of the apparatus of 
16 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectional illustration of the apparatus of 
FIG.2a. 

FIG. 2d Is another fragmentary cross-secUorial illustratidn of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-secUonal illustration of the apparatus of 

FIG, 2a. 

Detailed Description of the Illustrative Enibpdiments 
Refening now to FIGS. la. 1b and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a prefened embodiment, the apparatus 100 
25 includes a support mernber 105, a padcer 110, a first fluid conduit 115, an annular fluid 
passage 120, fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, ,a tubular member 155, slips 
160, and seals 165. in a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular mernber 155. in this manner, the apparatus 100 may be used to 
30 fonm a wellbore casing, line a wellborexasrng, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated frcwn any number of conventional commercially available materials such as, 
for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit throygh a preexisting 
section of wellbore casing 170. in this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a preferred embodiment, the support member 1 05 is 
reieasably coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled Itxm the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 
10 115. The padcer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit 115 and the inside surface of the support member 105. In this 
manner, the padcer 110 preferably seals off and. in combination with ttie support 
merrtf)er 105, first fluid conduit 115, second fluid conduit 135, and mandrel 145, defines 
an annular chamber 175. The padter 110 may be any number of conventional 
15 commercially available packers modified in accordance with ttie teachings of ttie 
present disdosure. In a preferred embodiment, ttie padcer 110 is an RTFS packer 
avaiiabia from Halliburton Energy Services In order to optimally provide h^h load and 
pressure containment capacity while also allowing ttie packer to be set and unset 
multiple times witiiout having to puii ttie packer out of ttie weUbpre. 
20 The first fluid conduit 1 15 is coupled to ttie packer 110 and ttie annular seal 

130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commerdaHy available ma^rieris such as. for example. oilfieM 
country tubular goods, tow altoy steel, cartwn steel, or steinless steel. In a preferred 
embodiment, ttie first fiuid conduit 115 indudes one or more fluW inlets 125 for 
25 conv^ingfluidk: materials from ttw annular flufcl passage 120 into ttie chamber 1^ 

The annular fluid passage 120 is defined by and positioned between ttie interior, 
surface of ttie first fiuW conduit 1 15 and ttie intertor surface of ttie second fluid conduit 
135. The annular fluM passage 120 is preferably adapted to convey fluklic materials 
such as cement, water, epoxy. lubrtoants. and slag mix at operating pressures and flow 
30 rates ranging from about 0 to 3.000 gaitons/hfiinute and 0 ta 9.000 psi in order to 
optimally provide flow rates and operational pressures for ttie radial expanston process; 

The fluW inlets 1 25 are positioned in an end portion of the first fluid conduit 115. 
The fluid inlets 125 preferably are adapted to convey fluklic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates ranging 
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from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid copduit 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seat between the 
5 interior surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably pn^vldes a fluid seal between the interior 
surface of the first fluid conduit 115 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
1 0 available seats such as, for example, O-rings. polypak seals, or metal spring energized 
seals. In a prefen^d embodiment, the annular seal 130 Is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The secorKi fluki conduit preferably is a tubular member f&bricated from 
15 any number of coriventlonal commercially available materials such as. for example, 
coiled tubing, oilfield country tubular goods. k>w alk>y steel, stainless steel, or low 
carbon steel. In a preferred embodiment, the second fluki conduit 135 Is adapted to 
convey fluMte materials such as cement water, epoxy, lubricants, and slag mix at 
operating pressures and fk3w rates ranging from about 0 to 9«000 psi and 0 to 3,000 
20 gallons/minute In order to optimally provide flow retes and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluki passage 140 is adapted to convey 
fluWIc materials such as cement, water, epoxy, lubricants, and slag mix at operating 
25 pressures and flow rates ranging from about 0 to 9»000 psi and 0 to 3,000 
gattons/minute in order to optimally ph>ykle fk>w rates arid operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 
30 section fabricated from any number of conventional commercially available materials 
such as, for example, machine toot steel, ceramics, tungsten carbide, titanium or other 
high strength alloys. In a prefen-ed embodiment, the angle of the conic sectfon of the 
mandrel 145 ranges from about 0 to 30 degrees In order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a prefened 
35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a prefen^d embodiment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer Surface 
and a resilient interior txxly in order to optimally provide at)rasion resistance and 
fracture toughness. In an alternative embodiment, the mandrel 145 is ^cpandible in 
5 «der to further optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145, and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wall thickness in order to 
facilitate the radial expansion process. In a preferred embodiment, the cross-sectional 
10 area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
«id at the other end, the cross-sectional area of the mandhsl launcher 1 50 is adapted 
to match the cross-sectional area of the tubular member 155. In a prefened 
embodiment, the waH thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to tedlitete the initiation 
15 of the radial expanston process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commerciany available materials such as. for example. oHfieM country tubular goods, 
low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 150 Is fabricated from oilfield country tubular goods having higher 
20 strength but tower wall thk:kness than the tubular itiember 155 In order to optimally 
match the burst strength of the tubular member 155, In a preferred en*odlment, the 
- mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the wellboie 180 upon the 
cornpletton of an extruskm operation. 
25 In an alternative embodiment, the support member 105 arid the mandrel 

launcher 150 are integrally fbnhed. In this alternative embodiment, the support 
member 105 preferably temninat^ above the top of the packer 110. In m alternative 
embodiment, the fluW conduits 115 and/or 135 provide sfructurat support tor the 
apparatus 100, using the packer 110 to couple together the eiemente of the apparatus 
30 100. In this alternative embodiment, in a prefened embodiment^ during the radial 
ejvanston process, the packer 110 may be unset and reset, after the sHps 160 have 
anchored the tubular member 155 to the previous casing 170, within the tubular 
member 155, between radial expansion operations. In this rhanner, the packer 1 10 is 
moved dovwihole and the apparatus 100 is re-sfroked. 
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The tubular member 155 is coupled to the mandrel launcher, the slipe 160 and 
the seals 165. The tubular member 155 preferably is a tubulaf member fabricated from 
any number of conventional commercially available materials such as. for example, low 
alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 embodiment, the tubular member 155 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to the Interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The slips 160 may be any number of conventiorial commerciaily avaiiabie slips such 
as, for example, RTTS packer tungsten cart>ide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a prefen-ed embodiment, the slips 160 are RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services. In a preferred 

15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750.000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provkie a fluidic seal between the outside surface of the 
expanded tajbular men*er 155 and the Interior wails of a casing, pipeline or other 

20 structure upon the radial expanston of the tubular member 155. In this manner, the 
seals 165 provkie a fluklic seal for the expanded tubular member 155. The seals 165 
may be any number of oonventtonal commercially available seals such as, for example, 
nitrile rubber, lead, Afias rubber. Teflori. epoxy. or other elastomere. In a preferred 
embodiment, the seals 165 are rubber seals available from numerous commercial 

25 vendors in order to optimally provMe pressure sealing and load bearing capacity. 

During operation of the apparatus 100. the apparatus 100 is preferably towered 
into a wellbore 180 having a preexisting sectton of wellbore casing Inaprefaned 
embodiment, the apparatus 100 is positioned with at least ;a portton of the tubular . 
member 155 overtapplhg with a portion of the wellbore casing 170. In this manner, the 

30 radial expansion of the tubular member 1 55 will preferably cause the outside suri^ce of 
the expanded tubular member 155 to couple with the inside surface of the wellbore 
casing 170. In a preferred embodiment, the radial expansion of the tubular member 
155 will also cause the dlips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 
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with enhanced staictural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated in FIG. l b, after placennent of the apparatus 100 in an overlapping 
relationship with the wellbore casing 170, a fluldic material 185 Is preferably pumped 
5 into the chamber 1 75 using the fluid passage 1 20 and the Inlet passages 125. In a 
prefenBd embodiment, the fluidic material is pumped into the chamber 175 at operating 
pressures and flow rates rariging from about 0 to 9,000 psi and 0 to 3.000 
gallons/mrnute in order to optimally provide flow rates and operational pressures for the 
radial expansion process, the pumped fluidic material 185 increase the operating 
10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
nnember 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 
15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radial direction. 

In a preferred embodiment the pumping rate and pressure of the fluidic 
material 185 Is reduced during the latter stages of the extrusion process in order to 
minlrrtze shock to the apparatus 100. In a prefenBd embodiment, the apparatus 100 
20 includes shock at^sorit>ers for absorbing the shock caused by the completion of the 
extrusion process. * 

In a preferred embodiment, the extrusion process causes the mandrel 145 to 
move In an axial direction 185. During the axial nravement of the mandref, in a 
preferred embodiment, the fluid passage 140 conveys fluMic material 1 90 displaced by 
25 the moving mandrel 145 out of the wellbore 180: In this manner, the operational 
effidency and speed of the extrusion process is enhanced. 

Iri a preferred embodiment the extrusion process includes the injection of a 
hardenable fluidic material into the annular regton behraen the tubular merhber 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided betwe0ri 
30 the expanded tubular member 155 and the Interior walls of the wellbore 180. 

As illustrated in FIG. 1c, in aprefen^ed embodiment, upon the completion of the 
extrusion process, the support member 105. packer 110. first fluid conduit 115. annular 
seal 130, second fluid conduit 135, mandrel 145, and mandrel launcher 150 are moved 
from the wellbore 180. 
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In an altenr^ative embodiment, the apparatus 100 is used to repair a preexisting 
wellbore casing or pipeline. In this altemative embodiment, both ends of the tubular 
member 155 preferably include slips 160 and seals 165. 

in an aftematlve embodiment, the apparatis 100 is used to form a tubular 
structural support for a building or offshore structure. 

Referring now to FIGS. 2a, 2b. 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
Includes a support member 205. a mandrel launcher 210. a mandrel 215. a first fluid 
passage 220, a tubular member 225. slips 230. seals 235, a shoe 240. and a second 
fluid passage 245. In a preferred embodiment the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to form a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support rtiember. In a prefenned embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

the support member 205 is preferably coupled to the mandrel launcher 210. 
The support merhber 205 preferably is a tubular member ^bricated from any number 
of conventional commercially available materials such as, for example, cdlfleld country 
tubular goods, low attoy steel, carbon steel, or stainless steel. The support member 
205, the mandrel launcher 210, the tubular member 225. and the shoe 240 are 
preferably selected to fit through a preexisting section of wellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
preferred embodiment, the support member 205 is releasably coupled to the rnandrel 
launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 21 0 upon the completion of an extrusion operation. 

The mandrel launcher 210 is coupled to the Sfupport member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to fadlltate the 
radial expansion process. In a prefen^d embodiment, the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215. and at the 
other end. the cross-sectional area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. ' In a preferred embodiment, the 
wall thickness of the mandrel launcher 210 ranges from about 50 to 100 %.of the wall 
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thickness of the tubular member 225 in order to fadlH^te the Initiation of the radial 
expansion process. 

The nnandrel launcher 210 may be fabricated from any number of conventional 
commercially avaitabte materials such as, for example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 210 Is fabricated from oilfield country tubular goods having higher 
strength but \o^r wall thickness than the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a preferred embodlrhent, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the welibore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional commercially available materials such as, for Sample, machine tool 
steel, ceramics, tungsten carbWe, titanium or other Wgh strength alloys. In a preferred 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees In order to optimally expand the mandrel launcher 210 and the tubular 
member 225 In the radial direction. In a preferred embodiment, the surface of the conic 
sectton ranges from about 58 to 62 RockweU C In order to optimally pro>dde high yield 
strength. In a preferred embodlnient, the expanston cone 215 is heat treated in order 
to optimally provide a hard outer surface and a resilient Interior body in order to 
optimally provWe abrasion resistance and fracture toughness. In an altemative 
embodiment the mandrel 215 is expendible in order to further optimally augnrient the 
radial expansion process. 

The fluid passage 220 is positioned witiiin the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy. 
lubricants, and slag mbc at operating pressures and flow rates farming from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute In order to bptinrtally provWe flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluldfcly isolated 
from ttie interior chamber 275 below the maridrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of conventional commercially available materials such as, for 
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example, low alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated frorp oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The slips 230 preferably are adapted to couple to the interior walls of a casing, pipelirie 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commerdaily available slips such 
as, for example, RTTS packer tungsten carbide mechanical slips, RTTS packer wicker 
10 type nnechanical slips, or Model 3L retrievable bridge plug tungsten cart)ide upper 
mechanical slips. In a preferred embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a fluklic seal between the outside surface of the 
15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225. In this manner, the 
seals 235 provMe a fluldic seal for the expanded tubular member 225. The seals 235 
may be ariy number of cbnventtonal commercially available seals such as, for example, 
nitrite aibber, lead, Aflas rubber. Teflon, epoxy or other elastomers. In a preferred 
20 erhbodiment, the seals 235 are conventional rubber seals available from various 
commercial vendors in order to optimally provide pr^ure sealing and load bearing 
capacity. 

The shoe 240 is coupled to ttie tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a flukl passage 245 for conveying fluidic 

25 materials from the chamber 275 to the annular regk>n 270 outsMe of ttie apparatus 
200. The shoe 240 may be any number of conventional commercially availabte shoes 
such as, for example, a Super Seal II float shoe, a Super Seal II Down-Jet float shoe, 
or a guide shoe wtth a sealing steeve for a latch down plug nnodlfied in accordance yvfth 
ttie teachings of the present disclosure. In a prefenned embodiment, the shoe 240 is an 

30 aluminum down^jet guide shoe vwth a sealing steeve for a latch down plug, available 
from Halliburton Energy Services, modified in accordance witti ttie teachings of ttie 
present disclosure, in order to optimally guide ttie tubular member 225 in ttie weilbore, 
optimally provide a fluidic seal between the interior and exterior diameters of ttie 
overtapping joint between the tubular members, and optimally facilitate tiie complete 
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drilHng out of the shoe and plug upon the completion of the cementing and nRlial 
expansion operations. 

During operation cif the apparatus 200. the apparatus 200 is preferably lowered 
Into a wellt)ore 260 having a preexisting section of welltxm casing 275. In a prefened 
embodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 overlapping with a fk)rtion of the wellbore casing 275. In this manner, the 
radial expansion of the tubular member 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
225 will also cause the slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced stnictural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placement of the apparatus 200 in an overlapping 
relationship with ttie wellbore casing 275. a fluidic material 280 is preferably pumped 
Into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, 9vough the fhiid passage 245, and Into the annular region 270. In a preferred 
enrUxxilment. the fluidic material 280 is pumped Into the chamber 270 at operating 
prassures and flow rates ranging firpm about 0 to 9,000 psi and 0 to 3.000 
gallons/minute In order to optimally pro\^e flow rates and operation^ pressures for 0ie 
radial expansion process. In a prefenred embodiment, the fluidic material 280 is a 
hardenable fluidic sealing material In order to fbmi a hanjened outer annular member 
aroOTd the expanded tubular member 225. 

As Illustrated In FIG. 2c. at some later point in the process, a ball 285, plug or 
other similar device, is introduced info the pumped fluidic materia 280. In a preferred 
embodiment the ball 285 mates with and seals off the Inlet 265 of the flurid passage 
220. In this mariner, the chamber 270 is fliridldy isolated from the chamber 275. 

As illustrated in FIG. 2d, aifter placement of the baH 285 in the inlet 265 of the 
fluid passage 220, a fluidic material 290 Is pumped Into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9.000 psi and 0 to 3.000 gallons/minute in order to 
provide optimal operating effidi&ncy. The fluidic material 290 may be any number of 
conventional commercially available materials such as. for example, water, drilling 
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mud. oementp epoxy, or slag mix. in a preferred embodiment, the fiuidic miaterial 290 is 
a non-hardenable flukltc material in order to nnaximize operational efficiency. 

Continued purrping of the fluidic material 290 increases fluidic material 280 
increases the operating preissure within the chamber 270. The increased operating 
pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
oS the mandrel 215 causes the mandrel launcher 210 and tubular niember 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 
causes the entire length of the tubular member 225 to expand In the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusbn process in order to 
minimize shock to the apparatus 200. In a prefen^ embodiment the apparatus 200 
includes shock absorbers for absorbing the shock caused by the completion of the 
extrusion process. In a preferred embodiment, the extrusion process causes the 
mandrel 215 to move in an axial direction 295. 

As illustrated in FIG. 2e, in a preferred embodiment, upon the completion of the 
extrusion process, the support member 205, packer 210, first fiuM conduit 215. annular 
seal 230, second fluid conduit 235. mandrel 245, and mandrel launch^* 250 are 
renx»ved from the wellbore 280. in a preferred embodiment, the resulting new sectton 
of wellbore casing includes the preexisting weHbore casing 275. the expanded tubular 
member 225, the slips 230, the seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

In an altemative embodiment, the apparatus 200 is used to repair a preexisting 
wellbore casing or pipeline, in this altemative embodiment, both ends of the tubular 
member 255 preferably indude slips 260 and seals 265. 

In an altemative embodiment the apparatus 200 is used to form a tutmlar 
structural support for a buiUing or offshore structure. 

In a preferred embodiment the tubularc members 105 and 225; shoes 240; 
expansion cone launchere 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described in one or more of the following U.S. patent 

applteations: (1) utility patent application number , attorney docket 

number 25791.9.02, filed on 1M6-1999, which claimed the benefit of the filing date of 
previsional patent application number 60/108,558. attorney docket number 25791.9, 
filed on 1 1-16-1998; (2) utility patent application number , attorney docket 
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number 25791.3.02, filed on 12-3-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111,293. attorney docket number 25791.3, 

filed on 12-7-1 998; (3) utility patent application number attorney docket 

number 25791.8.02, filed on 2-10-2000, which claimed the benefit of the filing date of 
5 provisional patent application number 60/119,611, attorney docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attorney 
docket number 25791.7, filed on 2-25-1999; (5) provisfonal patent application number 
60/121.841. attorney docket number 25791,12. filed on, 2-28-1999; (6) provisional 
patent application number 60/121.907, attorney docket number 25791.16, filed on 2- 
10 26-1999; (7) provisfonal patent applicatfon number 60/124.042. attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent application number 60/131,106, 
attorney docket number 25791.23. filed on 4-26^1999; (9) provisfonal patent applicafion 
number 60/137.998^ attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisfonal patent applicatfon number 60/143.039. attorney docket number 25791.26, 
15 fifod on 7-9-1999; (11) provisfonal patent applicatfon number 60/146,203, attorney 
docket number 25791.25, filed on 7-29-1999; (12) provisional patent application 

""""bw attorney docket number 25791.29. filed on 9-16-1999; (13) 

provisfonal patent apptteatton number , attomey docket, number 

25791.34, fifod on 10-12-1999; (14) provisfonal patent application number 
attomey docket number 25791.36. filed on 10-12-1999; (13) provisfonal patent 
appGcatton number 60/159,033, attomey docket number 25791.37, filed on 10-12- 

1999; (15) provisfonal patent appifoation number , attomey docket 

nunrjber 25791.27, filed on 11-01-1999. Appticants incorporate by reference the 
disctosures of these appllcatfons. 

Although iihistrath/e embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitutton is contemplated In 
the foregoing disdosura. In some instences, some features of the present inventfon 
may be employed without a coirespondir^ use of the other features. Acoordfogly, it is 
appropriate that the appended claims be constnjed broadly and In a manner consistent 
with the scope of the invention. 
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Claims 

1. An apparatus, comprisir^: 
a first tubular member, and 

a second tubular member coupled to the first tubular member; 
5 a mandrel within the second tubular member 

a pressurized region within the -second tubular member above the mandrel; and 
a mechanism adapted for displacing the mandrel with respect to the second 
tubular member; 

wherein the first tubular member includes a defective portion, and wherein the 
1 0 second tubular niember is positioned in opposing relation to the defective portion. 
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1. A method of coupling a tubular member to a preexisting structure, 
comprising: 

posftiontng the tubular member in an overlapping relationship to the preexisting 
structure; 

5 placing a mandrel within the tubular meniben 

pressurizing an annular region withiri the tubular member above the mandrel; and 
displadng the mandrel with respect to the tubular membe^^ 

2. The method of claim 1 , further comprising; 
10 removing fluids within the tubular memt)er that are displaced by the displacement 

of the mandrel. 

3. The method of daim 2, wherein the removed fluids pass inside the annular 
region. 

15 

4. The method of daim 1 , wherein the volunie of the annular region increases. 

5. The niethod of daim 1 , further induding sealing off the annular region. 

20 6. The method of daim 5, wherein sealing off the annular region indudes sealing a 
stationary member and sealing a non-stationary member. 

7. The method <rf daim 1 . further induding conveying fluids in opposite directions. 

25 8. The method of daim 1, further induding conveying a pressurized fluid and a non- 
pressurized fluid In opposite directions. 

9. The method of daim 1. wherein the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. 

30 

10. The method of daim 1 . wherein ttie pressurizing is provided at flow rates ranging 
from about 0 to 3,000 gaBons/minute. 

11. An apparatus for radially expanding a tubular member, comprising: 
35 a first tubular member; 
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